Abstract: Gray wolves (Canis lupus L., 1758), eastern wolves (Canis lycaon Schreber, 1775), and coyotes (Canis latrans Say, 1823) are presently managed as a single biological population in primary wolf range in Ontario with the intent of minimizing incidental harvest of wolves. This management strategy is based on the assumption that wolves and coyotes cannot be reliably distinguished because of hybridization, and the resulting restrictions on coyote harvest are unpopular with hunters and farmers. We genetically and morphologically characterized a sample of sympatric wolves and coyotes harvested in the Lesser Clay Belt area of northeastern Ontario in 2006-2009 to test the hypothesis that these species cannot be reliably distinguished. We found that wolves and coyotes were genetically and morphologically distinct, with minimal hybridization between them. Our findings suggest that wolves and coyotes in the sampled area can be reliably distinguished, but further sampling is required to determine the full extent of areas in Ontario where wolves and coyotes are reliably distinguishable. We discuss unresolved issues regarding the feasibility of separate management for these species. We also discuss implications of our findings regarding wolf recovery in the northeastern United States.
Introduction
Ontario is inhabited by three putative species of Canis: the coyote (Canis latrans Say, 1823), the eastern wolf (Canis lycaon Schreber, 1775), and the gray wolf (Canis lupus L., 1758). Genetic and morphological studies have demonstrated that eastern wolves have hybridized with both coyotes and gray wolves in Ontario (e.g., Schmitz and Kolenosky 1985; Sears et al. 2003; Wheeldon 2009; Rutledge et al. 2010) ; the intermediate size of eastern wolves may contribute to their ability to hybridize with both species. Where these canid types occur sympatrically, hybridization produces individuals with varying phenotypes and genetic compositions (e.g., Sears et al. 2003; Rutledge et al. 2010; Benson et al. 2012) , thereby blurring distinctiveness and complicating management of these canids. Consequently, within primary wolf range (PWR) in Ontario ( Fig. 1 ), wolves and coyotes are managed as a single biological population with the intent of minimizing incidental harvest of wolves (OMNR 2005) .
Conflicting interpretations of genetic and morphological data have led to ongoing debate on the evolutionary history and taxonomic status of Canis species in eastern North America; specifically regarding the eastern wolf (e.g., Koblmüller et al. 2009; Nowak 2009; Fain et al. 2010; Rutledge et al. 2010; vonHoldt et al. 2011 ). Taxonomic debate notwithstanding, empirical data demonstrate that the wolf population occurring in and around Algonquin Provincial Park (APP) in central Ontario, which contains genes suggested to be of eastern wolf origin, is genetically (Rutledge et al. 2010) and morphologically (Schmitz and Kolenosky 1985; Benson et al. 2012 ) distinct from surrounding populations of gray wolves and coyotes, despite hybridization. Thus, disagreement over historic lineages and hybridization patterns should not preclude recognizing this contemporary wolf population as distinct at a regional scale. Accordingly, we hereafter refer to the unique wolf that occurs in and around APP as the eastern wolf. We use the terms "eastern wolf" and "APP wolf" synonymously, with the understanding that the former describes the species and the latter describes a contemporary population putatively representative of the eastern wolf.
Managing wolves and coyotes as a single biological population in PWR in Ontario is premised on the assumption that phenotypic 1 ambiguity associated with wolf-coyote hybridization precludes wolves and coyotes being reliably distinguishable by hunters "in the field" (OMNR 2005) . However, this assumption is primarily based on the presumed phenotypic ambiguity of hybrids between eastern wolves and coyotes in central Ontario. In northern Ontario, where larger gray wolves occur, phenotypic ambiguity of wolves and coyotes is less likely to be an issue and thus may be weak justification for managing wolves and coyotes as a single biological population. Ontario, Canada, in 2006 . For simplicity, the individual that was phenotypically classified as unknown was grouped with wolves based on its morphological measurements. Sample locations are approximate to lot and concession or township; some points are overlapping. The inset map depicts wolf ecological zones in Ontario; the study area is indicated by the square. Primary wolf range is represented by zones 1-5 where wolves and coyotes are managed as a single biological population. Note that eastern wolves (Canis lycaon) primarily occur in zone 5 and are rare in the other zones where gray wolves predominate. Coyotes range across the majority of Ontario except the far north region.
This management prescription has serious implications for coyote harvest in PWR in Ontario. Outside of PWR in Ontario (i.e., in southeastern Ontario) coyotes may be hunted year-round with no bag limits, but following the introduction of the strategy for wolf conservation (OMNR 2005) , wolves and coyotes in PWR in Ontario may only be hunted 15 September -31 March with each hunter being limited to a maximum of two wolves or coyotes per year. The trapping season for wolves and coyotes in PWR in Ontario is 15 September -31 March and there are no bag limits for trappers on their own registered traplines. Outside of PWR in Ontario foothold trapping is legal, but the use of suspended neck snares is generally not. Regardless, the change in hunting allowance for coyotes in northern Ontario is an issue for hunters and farmers in the region, with many believing the relatively strict harvest limits on canids have contributed to recent increases in wolf and coyote abundance in the area (Fig. 2a) . At the same time, claims for wolf-coyote damage paid by the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) under the Ontario Wildlife Damage Compensation Program have increased dramatically across much of Ontario, with most losses being attributable to coyotes ( Fig. 2b ; OMAFRA, unpublished data).
The relatively restrictive harvest allowance for canids in northern Ontario is perceived by many hunters and farmers to hinder their ability to adequately control coyote numbers and to preemptively reduce livestock depredation. Regardless of whether preemptive harvest of coyotes has any impact on coyote numbers or rates of livestock depredation, determining the feasibility of separate management of wolves and coyotes in northern Ontario is important to agricultural stakeholders. As such, a primary objective of this study was to determine the ability of hunters in northern Ontario to distinguish wolves from coyotes in the field based on premortem observations and tracks. We genetically and morphologically characterized a sample of sympatric wolves and coyotes harvested in northeastern Ontario (NEON) to test the hypothesis that these two species cannot be reliably distinguished. We acknowledge the mixed ancestry of wolves and coyotes in Ontario (e.g., Wheeldon 2009; Rutledge et al. 2010; Benson et al. 2012 ), but herein the wolves and coyotes sampled in NEON are considered representative of wolf-like and coyote-like canids, respectively. When referring to wolves sampled in NEON, it is implied that we are referring to putative gray wolves, to distinguish them from putative eastern wolves in APP. We also discuss implications of our findings regarding wolf recovery planning for the northeastern United States (NEUS).
Materials and methods

Study area
We conducted our study in the Lesser Clay Belt area of NEON (47°42′N, 79°51′W) ; a vast tract of fertile soil running from Englehart down to the Wabi River to the northern tip of Lake Timiskaming (Fig. 1) . The Clay Belt is surrounded by Canadian Shield, forming an island of "southern flatlands" in the midst of hilly and rocky surroundings. The Clay Belt has mean monthly temperatures ranging from -15°C in January to 18°C in July, and mean annual precipitation is 95 cm with most falling as rain during springautumn. Low-elevation areas are dominated by black spruce (Picea mariana (Mill.) B.S.P.) and as elevation rises the forest composition changes to a mixture of balsam poplar (Populus balsamifera L.), paper birch (Betula papyrifera Marshall), black spruce, white spruce (Picea glauca (Moench) Voss), and balsam fir (Abies balsamea (L.) Mill.). There are three important exceptions to this mixed forest: pure jack pine (Pinus banksiana Lamb.) on very dry sandy or rocky sites; pure poplar on tills; and a tamarack (Larix laricina (Du Roi) K. Koch) -black spruce association in the muskegs.
Sample collection and carcass necropsy
We obtained skinned and unksinned carcasses of wolves and coyotes harvested in the study area (Fig. 1) between October 2006 and December 2009 (91% harvested during December-March). Hunters and trappers classified the animals as wolf or coyote based on physical characteristics (i.e., phenotypic classification) observed in the field; one carcass was classified as unknown. Hunters were instructed to classify animals based on premortem observations and tracks, and although premortem classification of animals by trappers was not possible for those captured in suspended neck snares, trappers were instructed to classify animals observed in foothold traps premortem when possible. Thus the phenotypic classifications of the carcasses obtained include those made premortem and postmortem; however, hunter-submitted carcasses were much more prevalent in our sample than trapper-submitted carcasses. The specimens examined were considered to be representative of the wolf and coyote populations in the study area because participants in the study submitted the carcasses of all the wild canids that they harvested during the study period. We collected a tissue sample from each carcass for genetic profiling and recorded the gender of the animal. Because hunters sometimes incorporated the size of tracks in snow into their assessment of the species they were pursuing, we were interested in comparing foot sizes of wolves and coyotes. For carcasses with front foot pads intact, we measured front left foot length (i.e., length from back edge of heel pad to tip of toe pad) and width (i.e., distance between outer edges of outer toe pads); the right foot was measured in cases where the left foot could not be measured. Carcasses obtained with pelt intact were weighed and then skinned. We then weighed each skinned carcass and measured body length (i.e., length from tip of nose to base of tail measured along dorsal midline contour) and chest girth (i.e., circumference around torso behind shoulders). Note that carcass masses predominantly reflect winter masses based on the harvest dates (see above). We omitted anatomically incomplete carcasses for which morphology could not be assessed, but we included carcasses for which incomplete anatomy did not preclude morphological assessment and was predicted to constitute less than a 0.5 kg reduction in body mass (i.e., tail missing, paw(s) missing, evidence of minor scavenging). Age was estimated after necropsy based on tooth wear (e.g., Gipson et al. 2000) and (or) fusion of the basioccipital-basisphenoid suture as observed on cleaned skulls (e.g., Landon et al. 1998) . We identified 117 yearlings-adults in our sample, comprising 85 coyotes (39 females and 46 males), 31 wolves (11 females and 20 males), and 1 unknown individual; we omitted juveniles from further analysis. Most of the 117 yearling-adult carcasses were obtained skinned, but 38 were obtained with the pelt intact, thus we performed a linear regression of unskinned mass (y axis) versus skinned mass (x axis) and found a strong relationship (y = 1.13x + 0.21; R 2 = 0.99), which was used to convert the skinned masses of carcasses obtained without pelts to predicted unskinned masses to facilitate comparison with other studies.
Genetic profiling and analyses
We extracted DNA from the tissue samples collected from the 117 yearling-adult carcasses using a Qiagen DNeasy Blood and Tissue Kit. For each sample, we amplified a 343-347 base pair (bp) fragment of the mitochondrial DNA (mtDNA) control region using published primers (AB13279: Pilgrim et al. 1998; AB13280: Wilson et al. 2000) and generated autosomal microsatellite genotypes based on 12 loci (Ostrander et al. 1993 (Ostrander et al. , 1995 following the methods of Wheeldon et al. (2010) . For male samples, we generated Y-chromosome microsatellite genotypes based on four loci (Sundqvist et al. 2001 : MS34A, MS34B, MS41A, MS41B) following the methods of Wheeldon et al. (2010) . We performed all sequencing and genotyping on a MegaBACE 1000 (GE Healthcare) or an ABI3730 (Applied Biosystems) and scored microsatellite alleles in GeneMarker version 1.7 (SoftGenetics LLC), accounting for allele size shifts between instruments with multiple control samples.
We obtained 117 autosomal microsatellite genotypes based on 10 (n = 1), 11 (n = 3), and 12 (n = 113) loci. To test for admixture between wolves and coyotes in the study area, we analyzed the autosomal microsatellite genotype data in STRUCTURE version 2.3 (Pritchard et al. 2000; Hubisz et al. 2009 ) with settings FREQSCORR = 1, INFERALPHA = 1, and ANCESTDIST = 1 (90% probability intervals of q values). We ran the admixture model at K = 2 for 10 repetitions of 10 6 iterations following a burn-in period of 250 000 iterations and obtained individual assignments from the run having the highest posterior probability and lowest variance. We chose to analyze the genotype data at K = 2 because prior investigations suggested that migrant APP wolves were uncommon in NEON despite evidence of APP admixture in NEON canids (Wheeldon 2009; Holloway 2009; Rutledge et al. 2010) . We analyzed the data at K = 3 (settings same as above) including 45 highly assigned (i.e., q i > 0.95) APP wolves (data from Rutledge et al. 2010) and assessed that K = 2 was appropriate for our data set ( Supplementary  Fig. S1 ). 3 We edited mtDNA sequences to 223-228 bp in length using BIOEDIT version 7.0.9 (Hall 1999 ) and assigned haplotypes, denoted as C(#), corresponding to previously described sequences (Wilson et al. 2000) . We used a previously identified diagnostic indel to distinguish between mtDNA sequences of gray wolf origin and those of coyote or eastern wolf origin (Pilgrim et al. 1998; Wilson et al. 2000) .
We combined the genotypes of the four Y-chromosome microsatellite loci into haplotypes and classified them taxonomically based on the allele present at locus MS41A, for which allele 208 is putatively specific to gray wolves (and domestic dogs), and alleles 212 and 214 are putatively specific to coyotes and eastern wolves (Sundqvist et al. 2001 (Sundqvist et al. , 2006 Hailer and Leonard 2008; Fain et al. 2010; Rutledge et al. 2010) . We inferred the Y-chromosome haplotypes for two samples with missing allele data for MS41A based on their Y-intron sequence (data not shown; see Wilson et al. 2012) .
Due to the extensive introgressive hybridization that has occurred between coyotes and eastern wolves in central Ontario, here we do not distinguish between the observed coyote and eastern wolf mtDNA or Y-chromosome haplotypes because nearly all of them occur in both species and their hybrids (Grewal et al. 2004; Rutledge et al. 2010) . We simply refer to them as coyote-eastern wolf (C-EW) haplotypes. However, we recognize that prior to this introgressive hybridization, these haplotypes putatively had distinct taxonomic origins, as suggested by phylogenetic analysis (Wilson et al. 2003 (Wilson et al. , 2012 .
Morphological comparisons
The STRUCTURE assignments were used to reclassify individuals as wolves (q wolf ≥ 0.80), coyotes (q coyote ≥ 0.80), or admixed (0.20 < q i < 0.80) (e.g., Vähä and Primmer 2006) . We calculated gender-specific mean unskinned masses for wolves and coyotes; these mean values included the observed unskinned masses of carcasses obtained with pelts and the predicted unskinned masses (i.e., determined with the regression equation) of carcasses obtained without pelts. We then calculated the means and 95% confidence intervals, and determined the ranges, of the four morphological measurements (note: skinned mass) and compared them between wolves and coyotes, separated by gender, except for foot size for which genders were pooled; we multiplied foot length by width to obtain a composite measure of foot size. We used a twofactor multiple analysis of variance (MANOVA) to test for effects of species and gender, as well as a gender × species interaction, on mass, body length, and chest girth. After having determined overall significance, we used two-factor AN-OVA to test for morphological differences (i) between species while controlling for gender and (ii) between genders while controlling for species. Because many of the carcasses were missing feet, smaller sample sizes precluded our including measures of foot size in the MANOVA modeling. Accordingly, to test for differences in foot size between species, we performed a two-tailed two-sample t test assuming unequal variances (e.g., Ruxton 2006) in Excel 2007 (Microsoft Corporation). We verified the suitability of the data for parametric statistical modeling by examining histograms of residuals, normal quantile-quantile plots of residuals, and plots of residuals versus fit (Venables and Ripley 2002) . All statistical analyses were conducted in S-Plus version 6.2 (Insightful Corporation), unless stated otherwise.
Results
Genetic differentiation
The K = 2 STRUCTURE analysis of the individual autosomal microsatellite genotypes assigned 83 as coyotes, 30 as wolves, and 4 as admixed (Fig. 3) . None of the individuals assigned as coyotes or wolves had 90% probability intervals that overlapped zero for the population to which they were assigned, but three of the individuals assigned as admixed had 90% probability intervals that ranged either precisely or approximately from zero to one for both population assignments (Supplementary Table S1 ). 3 The genetic assignment of individuals as wolves or coyotes was concordant with their phenotypic classification, except for one individual that was genetically assigned as a coyote but phenotypically classified as a wolf ( Fig. 3 ; see Discussion). The individual that was phenotypically classified as unknown was genetically assigned as a wolf. The four individuals assigned as admixed comprised three coyotes and one wolf based on phenotypic classification (Fig. 3) ; further consideration of these individuals is presented in the Discussion. References hereafter to wolves or coyotes in the data set are based on the STRUC-TURE assignments, unless stated otherwise.
We observed seven mtDNA haplotypes in our sample: two were of gray wolf origin and five were of C-EW origin (Table 1). The two gray wolf haplotypes were observed in wolves but not in coyotes, and four of the five C-EW haplotypes were observed in coyotes, but only two of those four were observed in wolves (Table 1) . The remaining C-EW haplotype (i.e., C17) was only observed in wolves (Table 1) .
We obtained Y-chromosome microsatellite genotypes for all but one of the males and observed 10 haplotypes in our sample: 6 were of gray wolf origin and 4 were of C-EW origin (Table 2) . Five of the gray wolf haplotypes were observed in wolves, but only one of those was observed in a coyote; the remaining gray wolf haplotype (i.e., FF) was only observed in coyotes (Table 2 ) and is putatively of domestic dog origin (see Discussion). All four C-EW haplotypes were observed in coyotes, but only one of those was observed in wolves ( Table 2) .
The combined maternal and paternal haplotype composition of males revealed evidence of mixed ancestry, specifically C-EW mtDNA was observed in males with gray wolf or putative dog Y chromosomes, but notably gray wolf mtDNA was observed only in males with gray wolf Y chromosomes (Table 3 ). The mtDNA haplotypes that were only observed in wolves (i.e., C17, C22, and C23) were only observed in males with gray wolf Y chromosomes, whereas the mtDNA haplotypes that were only observed in coyotes (i.e., C9 and C19) were observed in males with C-EW or putative dog Y chromosomes but only in one male with a gray wolf Y chromosome (Table 3) .
Morphological differentiation
The unskinned masses (mean ± SE) of female and male coyotes were 14.7 ± 0.3 kg (n = 38, range 10.9-18.0 kg) and 17.3 ± 0.4 kg (n = 44, range 11.2-22.8 kg), respectively, and those of female and male wolves were 28.0 ± 1.3 kg (n = 10, range 23.4-36.7 kg) and 32.7 ± 1.7 kg (n = 20, range 17.2-46.5 kg), respectively. MANOVA revealed that species (F [3, 104] = 175.6, P < 0.001) and gender (F [3, 104] = 10.5, P < 0.001) both significantly influenced the three morphological measures. More specifically, when controlling for gender, wolves were heavier (F [1, 108] = 308.4, P < 0.001), longer (F [1, 109] = 409.6, P < 0.001), and possessed larger chest girths (F [1, 107] = 278.4, P < 0.001) than coyotes (Fig. 4) . Similarly, when controlling for species, males were heavier (F [1, 108] = 38.5, P < 0.001), longer (F [1, 109] = 39.4, P < 0.001), and possessed larger chest girths (F [1, 107] = 53.0, P < 0.001) than females (Fig. 4) . Of particular interest was that female wolves were heavier, longer, and possessed larger chest girths than male coyotes (mass: t [10] = -7.95, P < 0.001; body length: t [16] = -11.62, P < 0.001; chest girth: t [14] = -8.31, P < 0.001) (Fig. 4) . Finally, wolves also had larger foot sizes than coyotes regardless of gender (t [10] = -6.61, P < 0.001) (Fig. 4) .
Discussion
We genetically and morphologically characterized a sample of sympatric wolves and coyotes from NEON and found differences in both respects. Specifically, body lengths of wolves and coyotes were essentially nonoverlapping, although masses, chest girths, and foot sizes exhibited some overlap (Fig. 4) . Notably, two of the three wolves with masses within the maximum range for coyotes were noted as being "emaciated" or "very skinny". Although body condition of animals could potentially affect the ability of hunters to visually distinguish wolves and coyotes, the typically bushy coats make visual assessment of condition difficult, and thus skeletal dimensions probably have a greater influence on hunters' perceptions of the size of wolves and coyotes. Regardless, there was nearly complete concordance between the phenotypic classification and the genetic assignment of individuals, except for one individual that was phenotypically classified as a wolf but genetically assigned as a coyote. The morphological measurements of the misclassified individual were within the maximum range for coyotes and below the minimum range for wolves (note: except for mass of an emaciated 15 kg (skinned) wolf that lowered the minimum mass range for wolves below that of the misclassified individual), thus the genetic assignment seems valid; the animal was misclassified based on phenotype. In general, our data suggest that wolves and coyotes in the sampled area can be reliably distinguished based on physical characteristics; accounting for the individual classified as unknown, phenotypic classification accuracy was 98%. The assessment of pelage is recommended for future studies comparing wolves and coyotes because some hunters may use this character, which can be variable within and between species (e.g., Kolenosky and Standfield 1975) , for distinguishing these species. Furthermore, shoulder height would be a more appropriate morphological variable to assess than chest girth because the former is a more perceivable physical characteristic. We measured shoulder height on carcasses but reduced sample size because of many carcasses missing feet precluded inclusion of this morphological variable in our analyses.
The four individuals assigned as admixed had haplotype compositions and morphologies generally consistent with their phenotypic classifications (Supplementary Table S1 ). 3 Considering the uncertainty in the STRUCTURE assignments of these individuals, as indicated by wide probability intervals, we simply acknowledge that some admixture is apparent between wolves and coyotes in NEON, even when accounting for admixture from APP wolves ( Supplementary  Fig. S1 ). 3 We observed a low proportion of individuals exhibiting admixture between wolves and coyotes in NEON (Fig. 3) , but the haplotypes they shared (i.e., C1, C14, AA, CE) are also observed in APP wolves, which have hybridized with coyotes and NEON wolves (Wheeldon 2009; Rutledge et al. 2010) . Thus, it is difficult to assess patterns of introgression. For instance, the presence of C-EW haplotypes (i.e., C1, C14, AA) in wolves in NEON may be the result of introgression from coyotes or APP wolves, and the presence of Y-chromosome haplotype CE in a coyote in NEON may be the result of introgression from a NEON wolf or an APP wolf. Notably, C-EW haplotype C17 was observed in wolves and not coyotes in NEON, but it occurs in APP wolves (Rutledge et al. 2010) , indicating that its presence in NEON wolves is probably the result of introgression from APP wolves. Similarly, C-EW haplotype C14 was rare in coyotes (n = 1) but common in wolves (n = 13) in NEON, and it is common in APP wolves (Rutledge et al. 2010) , suggesting that it was likely introgressed into NEON wolves from APP wolves, but also plausibly from coyotes. The low amount of admixture that we observed between wolves and coyotes in NEON (Fig. 3) further supports the introgression of some C-EW haplotypes into NEON wolves from APP wolves, as previously reported (Rutledge et al. 2010) . Furthermore, analysis of our data in STRUCTURE at K = 3 including APP wolves, revealed admixture from APP wolves in our sample of NEON wolves ( Supplementary Fig. S1 ). 3 However, that admixture was detected between wolves and coyotes in NEON suggests that some shared haplotypes are plausibly the result of wolfcoyote hybridization that occurs at low levels in NEON. In summary, wolves and coyotes in NEON are genetically differentiated but with some shared ancestry that derives from a combination of low-level wolf-coyote hybridization in NEON and introgression from APP wolves. Notably, the admixed nature of wolves in NEON seems to be reflected in Fig. 3 . Individual admixture proportions (Q) of wolves (Canis lupus) and coyotes (Canis latrans) genotyped at 12 autosomal microsatellite loci. Each partitioned vertical bar represents an individual's proportional membership to the K = 2 populations analyzed in STRUCTURE. For simplicity, the individual that was phenotypically classified as unknown was grouped with wolves based on its morphological measurements. their morphology, which ranges from that of gray wolves to eastern wolves (Holloway 2009; Rutledge et al. 2010; Benson et al. 2012) .
A Y-chromosome haplotype of presumed gray wolf origin was observed in coyotes but not wolves in our sample (Table 2), and this haplotype is common in domestic dogs (Sundqvist et al. 2006 : FF = H12, allele data obtained from authors for comparison), suggesting that it was plausibly introgressed into coyotes from dogs. The observation of a putative dog Y chromosome in coyotes in NEON is congruent with evidence of introgressed dog genes in coyotes based on single nucleotide polymorphisms (vonHoldt et al. 2011) .
One of the original objectives of this study was to determine the ability of hunters in northeastern Ontario to distinguish wolves from coyotes in the field based on tracks and premortem observations. Indeed, we found a high degree of correspondence between the phenotypic classifications and the genetic assignments of the animals sampled. To the best of our knowledge, the phenotypic classifications reported by the hunters were based on impressions prior to harvesting the animals, but because we cannot assess whether any hunters changed their classifications once animals were observed more closely after harvest, we must be cautious in drawing inference from these findings; misidentification rates may have been underestimated. The above issue also applies to trappers that observed animals premortem; however, trapped animals comprised a small portion of our sample.
Although we omitted carcasses of juveniles from our analysis, during late summer and early autumn a juvenile wolf will overlap in mass and measurements with yearling-adult coyotes, and thus might not be visually distinguishable from coyotes at a distance, especially during inclement weather and low light levels, which can reduce visibility. Considering that hunters have misidentified wolves as large "trophy" coyotes (e.g., CBC News 2012) or mistaken domestic dogs for coyotes (e.g., NFR 2010), some unintended wolf kill due to hunter misidentification should be anticipated if wolves and coyotes are managed separately where they occur sympatrically in Ontario. It is difficult to anticipate how common such unintended harvest might be, but we note that unintended harvest of elk (Cervus elaphus L., 1758) occurs at low levels during both white-tailed deer (Odocoileus virginianus (Zimmermann, 1780)) and moose (Alces alces (L., 1758)) seasons in Ontario. Similarly, every year in Ontario a substantial number of cow moose are mistakenly shot by hunters possessing only calf tags. As presently occurs for the aforementioned ungulate species, an addition to existing hunter education programs aimed at providing guidance in distinguishing species may help minimize misidentification of canid species.
Considering that (i) wolf-coyote hybridization is spatially structured in Ontario (e.g., Wheeldon 2009; Rutledge et al. 2010 ) and (ii) eastern wolves are generally intermediate in size to gray wolves and coyotes (e.g., Rutledge et al. 2010; Benson et al. 2012) and have a limited distribution, levels of wolf-coyote hybridization and phenotypic ambiguity of can- 
Note: The frequency of each haplotype combination and the corresponding individual STRUCTURE assignment(s) from the K = 2 analysis of the autosomal microsatellite genotypes are indicated in parentheses: C = q coyote ≥ 0.80; W = q wolf ≥ 0.80; A = 0.20 < q i < 0.80. ids will vary across PWR in Ontario. Specifically, in areas north and west of the study area (i.e., zones 1-3; Fig. 1) , where wolf-coyote hybridization and eastern wolves are uncommon (Holloway 2009; Wheeldon 2009; Wheeldon et al. 2010) , it is probable that wolves and coyotes can be reliably distinguished and thus managed separately with minimal misidentification by hunters. Conversely, in areas south of the study area (i.e., zones 4 and 5; Fig. 1 ), where wolf-coyote hybridization and eastern wolves are more prevalent (Wheeldon 2009; Rutledge et al. 2010; Benson et al. 2012) , it is probable that wolves and coyotes cannot be reliably distinguished on a consistent basis and thus separate management may result in significant numbers of wolves and (or) hybrids being killed due to misidentification by hunters. Accordingly, the results of this study should not be generalized across all wolf range in Ontario. Further genetic and morphological assessment of harvested wolves and coyotes and the phenotypic classification accuracy by hunters and trappers is required in zones 4 and 5 to determine if these species are reliably distinguishable in areas where wolf-coyote hybridization and eastern wolves are more prevalent. Determining more precisely the geographic distribution of eastern wolves in Ontario is relevant to predicting areas where phenotypic ambiguity of wolves and coyotes is likely. Furthermore, because visual observation is probably insufficient to distinguish hybrids from pure types, the issue remains of how to treat eastern wolf -coyote hybrids with respect to management; this issue is less relevant for gray wolf -eastern wolf hybrids because all wolves are presently governed by the same harvest regulations throughout PWR in Ontario (OMNR 2005) .
The feasibility of separate management of wolves and coyotes is a separate issue to the ethical considerations around facilitating liberal harvest of coyotes just because it is unlikely to cause their extirpation. This is particularly true given the ambiguity around whether increased harvest of coyotes will help reduce livestock depredation (e.g., Knowlton et al. 1999; Wagner and Conover 1999; Berger 2006) or other conflicts with humans. Ethical issues and ecological value are traditionally not considered in management decisions for most species, including coyotes (e.g., Minteer and Collins 2005; Clapham et al. 2007 ), but this may be changing (e.g., Vucetich and Nelson 2010) .
Debate regarding the potential for eastern coyotes to fill the ecological role of a top canid predator notwithstanding (e.g., Ballard et al. 1999; Crête et al. 2001) , there is continued interest and pressure from some nongovernment organizations to restore wolves to their historic ranges in northeastern North America (e.g., Harrison and Chapin 1998; Elder 2000; Glowa et al. 2009; CREW 2012 ; but see also Lohr et al. 1996) . The eastern wolf likely occupied much of northeastern North America historically (Wilson et al. 2003) , but it readily hybridizes with coyotes, and as evidenced by the red wolf (Canis rufus Audubon and Bachman, 1851) recovery program in North Carolina, efforts to restore the eastern wolf to the NEUS would likely require intensive, expensive, and prolonged management intervention to minimize introgression from coyotes (Kelly et al. 1999; Adams et al. 2007 ). Furthermore, because of hybridization the eastern wolf may no longer exist in its original form; APP wolves may merely be the closest extant representation. Our findings provide further evidence that NEON wolves are less likely to hybridize with coyotes than are APP wolves (this study and Wheeldon 2009 versus Rutledge et al. 2010; Benson et al. 2012) , possibly because the former tend to be larger than the latter and thus are more disparate in size to coyotes. Thus, wolves similar to those found in NEON may be desirable candidates for wolf reintroduction in the NEUS. The most likely candidates for natural wolf recolonization of the NEUS would come from Quebec and are probably similar to NEON wolves, as supported by the morphology and genetic composition of several wolves killed in the NEUS since the late 1990s (see Glowa et al. 2009 versus Grewal et al. 2004 Holloway 2009; Wheeldon 2009 ). In planning wolf recovery for the NEUS, the consideration of wolf type will likely be debated; hopefully such debate will contribute to greater understanding of the ecological and social consequences of wolf restoration in the region, but not distract from the overall goal of restoring a viable and ecologically functional population of wolves, regardless of taxonomy.
